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Measurements ot th.e pressure course in dust-laden air flows prior to
and following curves of various configurations indicate the pressure drop
caused in a permanent manner by the curve. This pressure drop is caused by
the energy consumption during the reacceleration that follows the turn and
is required to compensate for the friction that develops. The measured va-
lues cheracterize the transition between the ultimately developed states of
the transport process before the turn and upstream.,

Definition of the problem

A significant portion of the total pressure drop in the pneumatic
transport of powdery substances is attributable to turns in the conveying
flnw.-In the application c•n. , to be discussed firtst, we shall mainly deal
with continuously curved tube arcs and -- in the case of larger diameters --
with segmental curves or tube'elbows with vanes that are easy to manufacture.
The conveyor conduits investigated have nominal diameters of less than app-
roximately 300 mm. No results of systematic studies of turn losses caused
by the conveyed substance have been published so far.
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-G. leidner [1] calculated thp velocity loss of a grainy substance in
a tube arc assuming that the entire substance flow glides along the back of
Lhe curve, subject to a friction loss caused by a composite effect of cent-
rifuqal force and the normal component of the weight of the substance, but
not to propel lance by the air flow. The corresponding flow loss is the same
as the pressure drop that is consumed by the acceleration of the substance
in the subsequent straight tube to the initial velocity as it enters the cur-
vature. The results of this theory are -- within a relatively large scatte-
ring of the results -- about the same as thle turn losses observed in the pne-
umatic conveyance of seedy fruits.

The author [2] established in an earlier report these losses in a 90'
tube arc with various degrees of curvature for spherical cast-iron granules
as the conveyed substance. The results of the measurements agreed roughly
wiz the rstimated values that correspond to a substance flow braked to zero
velocity at the exit from the curve.

The main purpose of the tests described below is to elucidate some
problems that pertain to the design of conveyance paths with relatively large
diameter, such as coal dust pneumatic lines in large-scale firing installa-
tions. Accordingly, the investigation was restricted to low substance loa-
dings. In the above-25 m/sec air velocity range selected for study, the gra-
vitational force had a relatively insignificant effect on the conveyance pro-
cess compared to the inertia resistance of the particles and to the conveying
power of the air flow.

Experimental setup and method

The ex..e.. ili i.rii -tup is iliustrated in Fig. 1. The conveying air-
laden with dust flows from the outside through the rounded entry a into the
ronveying system: the dust is added in a uniform manner at b. It flows
through the measuring sites c and d, the precipitation cyclone e and efflu-
ent air exit f to the exhaust connection. The conveyed substance precipitated
in e flows by itself from collecting vessel j into a closed flow through
tube conduit h and thence into the open funnel i of a rotating tube dispenser
k that may be adjusted for r.p.m. in a continuous manner and that effects the
dosage of the substance admixed once again to the air flow. The substance
column in tube h at the bottii open end of which the substance flows out
freely into fun el i serves as a seal from the larger external pressure. The
creeping flow t:at enters the system through this porous column is insigni-
ficantly low compared to the flow of the conveying air. The exhaust air flow
is righted in tube-f and is then measured further downstream with a standard
diaphragm.
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The turn loss in the 90' curvature 1 is obtained from the coirse of
the static pressure in the straight mcas'.ring sections c and d, taken over
a total of 45 small measuring tubes in the tube wall and indicated by a se-
ries manoijieter.

The turn losses established in preliminary tests on simple tube cur-
ves at air flow rates of somewhat more than 25 m/sec tuvned out to be inde-
pendent of the fact whether the cooveying flow turned in the horizontal planie,
in the vertical plane or from one plane into the other. it was therefore pos-
sible to restrict all subsequunt determinations to one given spatial configu-
ration of curves, specifically, to vertical upflow turncd into horizontal.

Fig. 2 illustrates the det'AiI of the tpst section, showing inlet I
tube a, exhaust tube b, and test curve c between these two tubes. The con- 3
veying tube has a diameter of D = 150 mmi.d.in the vertical section, con-
verging to a lower diameter of 125 ni4n along a distance of I meter. In this
manner it became possible to shorten considerably the length of the straight
section requircd to perform the conveying function. The length of the hori-
zontal runout section after the curve is about 7.5 m or 50 D. From among the
pressure-measuring sites d, the first (A) is at the beginning of the test
section and the second (B) at its end: these assume particular significance
with respect to the pressure course, as shall be shown later.

Quartz and coal dust, pneumatically separated into a fraction with
small particle size between approximately 0.05 and 0.3 mm, served as the
test dust conveyed. Within these limits, the measured turn losses were found
to be independent of particle type for all practical purposes, The particle-
size analysis for the quartz dust -- that was used solely after the prelimi-
nary testsand exhibited vry - iternal -friicti,- -- Indicated

a residue of 1.4 76 86 90% at a
mesh width of 0.16 0.1 0.063 0.04 mm.

The particles had a near spherical shape and smoothened the tube wall

to such an extent after a short test period that the friction coefficients
measured with unladen air conoformed to the laws governing hydraulically
smooth tubes.

Characterizaticn of the turn loss

Course of pressure in the tube.

path Fig. 3 illustrates the pressure course in an example along a conveying

path with (pp - p) as the difference between pressure PA at the beginning of
'• - 3-
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the vertical nKeasuring distance (A in Fig. 2) and pressure p at the distanca
of x from the intersection point oM the tube axes at the curve. The two cur-
ves apply for eqial air flowthrough.

In the entcrinq flow before the curve and relatively distanL down-
stream from the turn there develops a linear pressure drop with a constant
decrease Ap/ Ax.The extensions of the lines through the measuring points in

these r,-gions of developed flow determine, in their intersection points with
ordinate x 0, the pressure loss caused by the turn, A•pU,0 or Apu. These
pressure jemps effectuate the transition irom the developed flow state before
and after the turn. In this expression. the pressure differences Apl 0 and
ALP02 correspondilg, for example, to the mixed fi ow in the linear pressurc
course, representing the distanlces xl and x,, respectively (as shown below

'hu e r i re u ree ) , a r L i ss ; (16-' I .I T r cu d ., * . . _ 6noU t1 p .tE-
sure jump ApU essentially charauterizes the direction change of the flow.

On the basis of these considerations it is also possible to directly
compare turn losses sustained in turns of various arc lengths, whereby the
same pressure drop between identically located points (for example, 1 and 2
in Fig. 3) encompass thu same turn loss Apu. In the other usually employed
definitions of this loss [3, especially, p 788] in terms of the difference
between the pressure dr.ips between points 1 and 2, as well as the pressure
drop in a straight tub of the samiw length, encompassing also the section
along the center line f the tube arc as a partial distance, this assumption
-- which is of importa.ice in the present case -- does not apply.

The example di-cussed applies to a tube arc where the dust flows to-
gether into hard-to-separate strands as a consequence of the conduction at

self only aftera relatively long distance downstream from the turn.

In the case of a somewhat shorter distance, the conveyed goods, bra-
ked in the turn, undergo acceleration once more after an elbow in the chan-
nel, as shown in Fig. 4. The dust channeled layerwise by the vanes offers a
gr'eater surface of attack to the air flow than do the individual strands be-
hind the tube arc. As a c,'nsequence, a steeper pressure drop and -- further
downstream -- a shorter tiansition in the linear range of pressure distri-

bution will establish itself under the same conditions that are illustrated
in Fig. 3 after the turn.

The tube friction ccefficient in the literature -

The constant pressure drop Ap/ Ax in the developed mixed flow by a M
straight tube at an angle of • to the vertical is expressed in the literature
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in the following form [4; 5]:

Ap/ Ax = q X*/D (1)

In thi, expression, q denotes Lhe comnression pressure of tle. air flow and
X* denotes a ,oefficient that. is analoqouJs to thp tube friction coefficiert
that encompasses, according to the expression

X1 I JL( kq5 ý Sin VY)

the tube' friction effect of the air ( XL) and of the dust ( iLS,G sin r).

The tube friction coefficient XL was obtk, ined in the tests wi Lhout
duist, 0 • ) from the pressure drop

(Ap/ Ax) 0 LL!' q X

corresponding to the iclinat ion of the extrapolation lines with respect to
the upper curve in Figs. 3 and 4. The XL values obtained are plotted vs the
Reynolds number

Re =w D/ v- (3)

of the air flow in Fig. 5, and compared with the Prandtl law

1// XL = 2 loglO (Re /XLJ " 0.8. (4)

The mean dtviation of the weasurement results from this law is within the
limits that correspond to a measuring uncertainty of approximately + 1.5%.

The friction coefficient kS,R of the dust in the case of pneumatic
fly conveyance is a function of the two Froude numbers

Fr = w/1 gD and Fr* = WF// gD (5)

where w denotes the air velocity and w• denotes the equilibrium falling ve-
locity-of a representative dust particle [4; 5; 6]. As the value of the pa-
rameter Fr increases, the effect of the gravitational acceleration j beco-
mes less of an influence on the movement of the substance in the tube. Thus,
the friction coefficient X'S,R will assume a constant value above a boundary
value of Fr that lecreases with decreasing values of Fr*.



Comllplarison Wlith the test results

in the test,., Fr was > 2n, Fr* was < 0.5, and tile related dust con-
tent was IL < 1 .5. Under these conditions, the pressure drop measurements
( Ap/ Ax) in the flow that developed in the horizontal tube ( ci = 0) behind
the channel elbow (Fig. 4) had the average value of

XS,R = 0.002 (6)

which rCugly was comparable to the values reported in the literature [4; 6].

The largest deviations from this value, representing but a correction
in this case for the determination of the turn loss in comparison to the
friction coefficient. XL, were in the amount of + 0.001 at the boundary of
measuring uncertainty for tile pressure drop Ap in the developed flow. For
a atiofatn'-ilvi accurate measurement of the pres ure drop

( 6p/ AX) 2 = (P2 - PE)/(XE X0 2 ),

the amount of remaininq tube section downstream -- the length xE - x(]2 of
which decreased with increasing dust content p -- was too short in most 1l
the curvatures investigated.For this reason, the inclination of the extra-
polation lines E - 2' (Fig. 4) was calculated with XL from Fig. 5 by using
the expression

( Ap/ AX)2 = [q( XL 4 0.002 •)]/fl, (7)

From this and of tile value of pressure PF at" the last measuring site (x xE)the •_xtrapolated pressure at the ordinate x = 0 was .

P2' : PE + ( Ap/ Ax) 2 XE. (8)

In the vertical upflow bfore the curve, the pressure drop

( Ap/ Ax)1 = (q[ XL + 11 (XS,R + XS,G)])/D (9)

establishes itself according to Equations (1) and (2) with 0 = 90'. Under
the assumption -- valid in approximation -- that the velocity of the dust
and of the air are the same in the developed flow, the followiny expression
applies for the coefficient XS,G (chat considers the weight of the dust) ac-
cording to [6; 7]:

XSG.= 2/(Fr)2 , (10)

where Fr denotes the Froude number according to Equation (5). If Fr > 20,

-6-
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Whic wasthe case in all1 tests, the elffeci. olf weiht di s~o i)I( I' riso F ir 111

illde pe 1 (tn1t i In I C-1 i ;Ilt on anfq I e If I nd thIo II wii r i c I. Va I It, o . I'll I I h)'~d ini
thIC o 111 01 tif16 01wh fvjiii u vAi id, -Iccnrdi til to Lciii1: iuii (1)), For tli; verti-
cal tube also. Tho fricticin coefficie4nt Xs quote~d by the atiri ner

liier report [7] -,nd wh ich corresnonded -,iiI', the vali ins repJorted in , e
obiviously LUIo hiphl 1L k,; 0 .60',,. it i s likely that thr, ltlcw w~i1 thon netI
fully developed in the verticlil measuring section.

The pros surie drops ( Ap/l Ax)j oh tolied froiii Equati on (9) wiJth XL
frow Fiig. 5, S,lý :- 0.02 in kS G L" in tuation (10) agreed satislactur ily
with the values measured in the 'Verticall tube. Otherwise, the extr,110l1atod

pressure pl could he determiiined procisely iii d direct manner from the 1 incir
pressure di stri boiti on measured up to the entry into the turn (Figqs. 3 all( 4).

Fxnlonnatinnr rtf th,

D tuedi nileter
R Mean hoilf d~~trOf tile CirCU'ar arc turn

TfiL mass flow, of the conveying air
Ms mass flow of the conveyed substance
p static Fre.s 3urIe
q =(P/2)W covipression pressur-e of the conveying air flow
W = itPL/(,) T- D'j/4) mean air velocity
x lenqth coordinate of the measuring section
LPU pressure drop caused by the turn

ýU - pU/qrelated turn loss
C-! C', relaf~~-ur iirn Inc, fni---5p'4~

V_ I 
L- I t:

CS tl- o contribution of the dust to the turn loss
X tube friction coefficient

p. hi/ilLrelated dust contenit (loading)
V . 'Pmean values of kinietic viscosity and density of the con-

veying air in the measuring section.

The pressure drop ApU P= p, P2' was determined according to this
metLhod in a total of 24 model turns at air- veloci ties between 25 rn/sec and
45 rn/sec and loadings between j-L 0 and approximately 1.4. The related turn
l osses 

C p/

turned out to be independent of the air velocity w anid thus -- within the
above-mentioned ranges corrjeSponjding to w within The above boundary values -

also of thle Froude and Reynolds numbers that occurred in a relatively narrow
scattering range of the test results. Accordingly, the only factor thatl

-7-



iii:.iinl. L a b 1Ž , ip,• i T LI V,'I L it i i'H tIi S cr1-,i'iiLd mr t 01`loss L( 11 10i-

clont 1. Lij iS thit re'Lat i (III ;I- I Lh! reltA 'd (i11"t Conite•nt I-, oat the tnrtn low.ý-.

W' l ioil.ý Lk, IItI ' i t 1 J) kli) .I 'H l d (! t . cC nt( itri

ThI ltSos c.Oeffic i ent-, r d~terroincd at the above-hioIntionod iwT tlnef;lrs
(Fitis. I and 4) irt, l oiled " in !-I . 6. Th, resul ts .a; c/it ra c te ri ý d

by a li:ne that satiaFmus lhe expre:si ou I
T.I - rO + iL (e l - '.0) (

with the paraliieters

,,Ir - 0 1nd for 1 for L - .
The irean scattering nt these lines, the incclirlnalT on

- l - rO (14)

of v,'i,-h ;hhumatit.i-i, ho i urn lo, call, cd liy tile u L is 4 2.0A ill tihe iLjw

tube arc later to h ties itlna ted is No 1 (1ab 1l). The c;orres paonding value is
appvuximately +3.5%in the case of the channel elbow with quding vanes (No 22),
and approximiately 3.0" i in iht, av',,ra., ,t .l1 rixa ;uremcnts. This uncertainty
that encompasses all measured fluctuations within the limits of

L.5"105• Re Ž1 4.5. 105

and 20 =' Fr-

overshaduý. the coefficients relatiog to the loss coe, Cicient trU within
these ranL es.

0111y tile tube aric with the ,ilean half diameter R = 5D (No 3 in Table

E) duviatid from the linea h relation between the parameter j determined -i(N
accordance with the above method and loading ji, for vdlues of ip > approxi-
mately 0.6. "h- dust strands developed il the gently curved ~turn were not
fully resolved by the end of thle horizontal mieasuringq section, and thus the

flow did not develop at the last pressure sampling site E (Fig. 2). As a
result, the pressure; PE was the initial value for the pressure P2' according
to Equation (3): this was too high, so that too low qU values were obtained.

-1:
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C I I I 'I, wd LU uiw 1 rait~t'tr :t i im _101 '1101~r~ii~u~iC't 11 Cii0

Si1,ilw as .Alown n III Th ...ie rorro t i cln f, oi~or ero t~o I)e ro:a rdcd

ami I ie 1 l~~to it. p tn .for ) t 1, i~r l nl U o / .ih n ui dicl

planes, of the adjoining, tube.

tnUre i riunch 1lower dogroe oil local atttrition in coo~ omv iL Ii i
turns , and~c ci so tho ibi 1I i ty of hel no made of thi ck' vwil 1 ed J i% n I1 hcrv

t1he risk of a Ltri lion h, 1iulh (ila Il. rIli ''iii ho K

The chanl ci L)OV Wi t bSkIlure. colnoncti In crwibs seutiOioll, rotindoled
nors;, "Ind curve~d Ju i d-intj vains ( Nos 21 atid 2:)cones "ponkls to turn, inl 1
EI I amIdl fitas COn~ui Ls sut:.Ii u os lre ft iUnd in stoam Wean? where. Vor the,

ui sinipi i city clrcul ar-cyl irdrictil ly bemnt 9LY; Vanesl wereP Stlected. One cti
quration sha~ped'in consideration for simplified construction with such a
is the chiannel olbow with chamifered corner-s and place yjuditiq Sheets (Nus -

and 24).

The turn loss jI~E_2r air flow

The rel ated turn loss

in a non-loaded air flow ( =0) depends sol ely on the koynolds nmmbe~r
the tube flow for a given turn Configurtion. 1-11 test results tor a cir'
lar tube arc were described comprehensively by H. Richter [8l]. The correý
Pondling Par aiiiiers C -dL o0Y~j~ixoio Lhe prescr cus
which the ordinate x = 0 is determined by thie center of thp evnlvpd arc
than by the intersection of the two tube axes (Figs 2 to 4). Tn the 90'
tho value C'differs fromt the loss coefficient ýOin Table 1 by the relo
wall friction pressure drop

-9-
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i'• a tube section that equals the difference between the shanks of the right
angle and the inscribed quarter-circle arc with half diaieter R. For the turns
investigated here, this correction is within the scattering range of the re-
sults reported in [8]. Their remarkable divergence is a manifestation of even
slight experimental errors on Lhe pressure drop APUo obtained by extrapola-
tion. Accordingly, the relation between the parameter r0 and the Reynolds num-
ber was overshadowed by measuring inaccuracies in the present tests also.

Larger tuiu los:es a-e caused by the fact that the flow detaches it-
self from the inner sides of the turn wall. Accordingly, the loss coefficient
10 of the tube elbow (No 4) is quite hinh. Miuch smaller turn losses are evi-
dent in the seomental turns as a result of lesser detachment (Nos 5 to 8);
t;ese values diifer little from the losses in continuously curved tube arcs
if the number of segments is n > 3 (Nos 9 and 10).

The smallest loss coefficient r-0 was measured in the four-edge tube
ac No 12. Tn this arc, the flow decelerates according to the cross section
increase of ( nr/4) D2 in the tube to D2 within the turn, so that the turn
loss becomes smaller in comparison to the circle tube arc with same curva-
ture (No 2). If the half diameter of the curvature is small, R, (No 11),
this effect of velocity decrease is, not evident as a consequence of the de-
tachment of the flow at the inner side nf the turn. An additional conveyance
of the flow in an otherwvise equal turn by means of an intermediate wall (No
13) has a similarly beneficial effect as an incr-ase in the half diameter R.
This deliberate improvement is not realized, however- if R is large to start
with. Thus, toe additional friction losses nverwhplm the detachment losses
that decrease at the intermediate wall (No 14).

In the four-edye tube arc with square cross saction (No IF, and 16)
the very same loss coefficients Co are obtained as in the circular tube drcs.
The s-me applies also to niodel with a cross section that increases towards
the turn diagonal (Nos 17 and 18).

in the four-edge tube elbow (No i9),detachmen4 of the flow at the
inner edge causes a large turn loss, same as it does in the circular tube
elbow (No 4). This loss decreases markedly if the circumflowed edge is roun-
ded (N' 20). Curved guding vanes cause a further decrease of this loss (Nos
21 and 22). On the othcr hand, inclined chamfering of the guding sheets and
the incorporation of guding sheets at an argle (Nos 23 and 24) are less fa-
vorable in this respect.

-10-



The turn loss caused by the dust

The turn loss caused by the dust is shown in the last column of Table
1 as the parameter cS- In this respect, the circular tube arc No 2 with the
curvature half diameter R = 3.33D ii, he optimum range is -specially favor-
able. The circular tube elbow (Nio 4) should not be given consideration for
pneumatic conveyor installations. Insofar as the evaluation according to the
parameter CS is concerned, the segnmental turns are in the medium spot. The
four-edge tube arcs with mean curvature half diameters of about three times
the channel width are rated much higher. Where R = 1.SD (No 11), the parameter
€S is ilarkedly higher. In arcs uf this type, the tui'n is facilitated by an
intermediate wall (No 13). A /:wail of this nature is advantageous even if the
half diameters are larger (No 14, in contrast to No 12). Broadening of the
turn cross section in comparison to the adjoining tubes causes no significant
change in the loss coefficient -S (Nos 17 and 18, in comparison to Nos 15
and 16).

The four-edge tube elbow is unsuitable for the conveyance of dust-
laden air. The non-stationary movement of the dust deposited in the outer
corner turbulences, that falls back into the main flow in a roughly perio-
dic sequence; this was described in an earlier report[9]. The channel elbow
with rounded corners, often employed in large installations, should be exe-
cuted with guding vanes in sufficiently dense chingle-like layering (No 22).
The construction with two insufficiently overlapping guiding vanes (No 21)
is no more favorable in terms of loss coefficient rS than the channel elbow
with gudiny sheets and chamfered edges (Nos 23 and 24).

Construction and finishing considerations

In practice, it is desiraLle to have both low turn losses in the air

flow and constructions that are not subject to undue attrition, as well as
are easy to construct. The circular tube ar. has the disadvantage -- as a
consequence of its large local attrition loss at the outer flank [10] and

the rather expensive nature of its construction. Segmental turns are both
relatively easy to manufacture und resistant to attritioin losses. In the

case of the four edge tube arc, the strong local attrition loss may be com-
pensated for by using a thicker tube wall. If an intermediate wall is fitted,
then the attrition loss is distributed between this wail and the back of the
turn (turn Nos 13 and 14). Favorable attrition loss distribution is achieved
in the four-edge tube elbow with guiding sheets (Nos 21 to 24) also.

There exists no clear-cut trend between 'local attrition and turn

loss. Thus, for example, the four-edge tube elbow (No '19) turned out -ur-
prisingly attrition-resistant in coal-dust conduits, whereas the tube arc --

-I1 -
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favorable from the flow-teclinological angle -- exhibits an acceptably long
service life only if its wall thickness is very large.

In many instances, only one of the following thiee requirements, viz.,

small turn loss,
attrition-resistant construction,
ease of construction,

will govern the selection of a turn configuration. In case of small tube
diameters, the circular tube arc should be given favor, consideration in
most instances. If the conveyed matter is relatively soji. (such as sawdust),
and the tube diameters are large, then the circular tube segment turn is most
suitable. On the other Land, if the conveyed substance is abrasive, the four-
edge tube arc is preferable in the medium tube diameter range, and the tube
elbow with guiding vanes is preferable in Lhe large tube diameter range.

The velocity difference between dust and air

The pressure drop

ApS = APU - APU,O = p q rS

applies to the turning of the flow of conveyed substance. Assuming that the
wall friction of the dust in the exhaust flow tube is sufficiently conside-
red in terms of extrapolation pressure drop ( Ap/ Ax) 2 , the pressure drop
APS will be consumed essentially the re-accf_ýleration of the dust that
had been braked in the turns ...e course of this, the dust velocity in-
creases from the mean value c _. the exi1 from the turn by the amount of
Ac to the near- air it- w. _-,•h impuise increase m. Ac of tile
dust flow iS is then the same as the pressure force APsF, where F denotes
the constant cross section of the exhaust flow tube. Accordingly, with

i = !4wF,

the following expression applies:

APSF = p q4sF = ppwFAc Z jiqF (Ac/w) or ýS = 2 Ac/w

This simple relation connects the loss coefficient ;S with the in-
crease in velocity Ac in the exhaust flow tube or with the velocity decrease
of the dust in the turn that corresponds practically to the conveyed substance.

-12-
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The smallest value measured in the tests, S= 1.19 (turn No 2) thus indica-
tes that the dust velocity decreased by approximately 60%, i.e., to 40% of
the mean air velocity. At the highest value of ýS 2.82 (No 19), the dust
velocity would have decreased by c>w, i.e., to a negative value. Indeed,
there are instances in the four-edge and circular tube elbows where the dust
progresses locally backwards.

Generalization of the test results

The turn losses relate, by definition, to a process with developed
flow at the turn entry with developed flow at the exhaust flow also. In con-
veying systems where there are only short straight tube sections, for ex-
ample between two turns in which the flow does not develop fully, there is
no physically unambiguous definition of the turn losses. In cases of this
type, the loss coefficients in Table 1 have only a relative meaning.

An analysis of the test results, taking into consideratioin the att-
j rition traces observed in the turns investigated, leads to the assumption

that no basically different findings are likely for turns with other confi-
gurations such as elliptical arcs. Thus, for example, the relatively small
difference between the loss coefficients C of so widely differing turns as
Nos 2 and 22 indicates that any minimum value for this coefficient would not
be significantly lower than the minimum value of ;S = 1.19 (tube arc No 2)
encountered in these studies. An increase of the cross section of the inlet
tube, resulting at a lower dust entry velocity, will not cause a decrease
of the turn loss coefficient 4S either. Delaying of the dust in the inlet
flow and re-accelerating it in the turn is, according to a calculation based
on an earlier study [7], more loss-producinq than the process in a constant
cross-section tube arr

The preliminary tests with coal dust •,Jv practically the same re-
sults as the tests in which quartz dust was the conveyed substance. Accor-
dingly, it is likely that there is no substancte specificity in the behavior
of dusts in turns. BWK 322
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CAPTIONS AND LEGENDS

Fig. 1. Test setup. a) Tube inlet; b) dust addition; c,d) measuring secticn;
e) precipitation cyclone; f) exhaust air tube; g) dust collector;
h) tube chute; i) funnel; k) dust rotating-tube feeder; 1) turn
(model curvature)

Fig. 2. Measuring section. a) Inlet tube; b) exhaust tube; c) model turn;
d) pressure measuring sites; A) first pressure measuring site in a;
E) last pressure measuring site in b; 0) starting point of longitu-
dinal coordinate x.

Fig. 3. Example of a measured pressure distribution before and after a cir-
cular tube arc (1,iodel No 1 in Table 1). Curve a for unladen air flow;
curve b for the same with 4 = 0.80 kg dust per kg air in the flow.
Air velocity in the tube w = 33.7 m/sec; air density 1.125 kg/cu m.
PA static pressure at the first measuring site (A in Fig 2); p sta-
tic pressure at the distance x from the intersection point of the
tube axes.

Fig. 4. Pressure distribution before and after a channel elbow with guiding
vanus (Model No 22 in Table 1) under the same conditions as in the
example shown in Fig. 3.

Fig. 5. Comparison between the measured tube friction coefficient L and the
Prandtl law for turbulent tube friction in developed flow.

Fig, 6.: Measured r,, ,ted. turn 'los in turn,, No I and 22 (cf. -igs. 3 and 4,

and Table 1) as a function of loading. j! (qU = turn loss)

Fig. 7. Channel elements for the transition from round tube to turn. a) Trans-
ition from circular to equally wide s.!uare cross section (turns 11 to
14 and 17 to 24); b) transition from circular to equally large square
cross section (turn 15); c) transitian from circular to equally large
rectangular cross section.

Fig, 8. Circular tube segmental turns.
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Table 1. Dimensions and loss coefficients of the turns investigated.

1) No.; 2) designation; 3) configuration and cross section; 4)
dimensions; 5) loss coefficient; 6) circular tube turns; 7)
arc; 8) elbow; 9) segmental turn; 10) four-edge turns; 11)
arc: 12) transition as illustrated in Fig. 7a; 13) arc with
intermediate wall; 14) arc with square cross section; 15)
arc with rectangular cross section; 16) see Fig. 7b and 7c;
17) arc with variable cross section; 18) elbow; 19) elbow
with guiding vanes; 20) two guiding yanes; 21) five guiding
vanes, see Fig. 4; 22) elbow with guying conduiLis; 23) two
guiding conduits; 24) four guding conduits.

1I
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Table i. Dimensions and loss coefficients of Lhe turns investigated.
1) No.; 2) designation; 3) configuration and cross section; 4)
dimpnsions; 5) loss coefficient; 6) circular tube turns; 7)
arc; 8) elbow; 9) ý,enmoenrtal turn; 10) four-edge turns- 1I)
arc; 12) transition as illustrated in Fig. 7a; 13) arc. with
intermediate wall; 14) arc with square cross section; 15)
arc with rectangular cross section, 16) see Fig. 7b and 7c;
17) arc with variable cross section: 18) elbo,,-; 19) elbov
with guiding vanes; 20) two guiding yanes, 21) five guidinn
vanes, see Fici. 4; 22) elbow w.;ith gubing conduits: 23) two
guiding conduits; 24) four guding conduits.
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